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(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
The purpose of these experiments was to develop a  technique by 
means of which the pulmonary orifice could be enlarged.  The oper- 
ation  consisted  in  suturing  to  the  anterior  side  of  the  orifice  a 
venous patch which permitted an  increase in  the  circumference of 
the orifice after the arterial wall had been incised. 
TECHNIQUE. 
The  animals  were  etherized  according  to  the  Meltzer-Auer 
method.  The thoracic wall was  shaved with sodium sulphide and 
sterilized with iodin, and the animal was put on an electric warming 
pad.  The  thoracic  cavity was  then  opened  on  the  left side  by a 
large transverse incision which was  kept widely open by means of 
a  Gosset retractor.  The operating field was walled off by means of 
a technique precluding the occurrence of pleurisy, which has already 
been described.  1  The pericardium was opened through a  long in- 
cision  made  on  the  right  side  of  the  phrenic nerve  at  about  two 
centimeters'  distance  from the nerve,  and  the  anterior part  of  the 
heart and of the pulmonary artery was exposed. 
The position of the valves was  easily located.  The wall of the 
pulmonary artery is thinner at the level of the sigmoid sinuses and 
its  color is  slightly darker.  This  point was  selected for the lower 
end of an incision of about I. 5 centimeters made through the arterial 
wall  above  the  anterior  sigmoid valve.  It  was  found afterwards 
that this incision was too short, and that when it was longer it pro- 
duced a very marked pulmonary insufficiency.  In order to be more 
efficient  and  less  dangerous,  the  section  of  the  orifice  should  be 
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made  at  the  point  of  insertion  of  the  anterior and  left  sigmoid 
valves on the arterial wall.  After the location of the incision had 
been selected the patch was applied on the anterior wall of the pul- 
monary artery and of the heart.  This patch was usually a piece of 
vena cava which had been preserved in cold storage for a  few days. 
Pieces of artery could also be used, but as the arterial wall is thicker 
and  harder than the  venous  wall  it  was  more  difficult to  fix  the 
patch  to  the  pulmonary  wall  without  danger  of  leakage.  The 
shape  of  the patches  was  generally rectangular,  about  2. 5  by  2. 5 
centimeters.  The patch was fixed to the pulmonary artery and to 
the  heart by  four stitches.  The stitches  of  the  lower and  upper 
sides of the rectangle were about 2. 5 centimeters distant from each 
other.  The right and left sides of the patch were placed in such a 
way  that  the  distance between the  right  and  left  lines  of  suture 
was only about  I. 5 centimeters.  As the width of the flap  was 2. 5 
centimeters this allowed of one centimeter's increase in the circum- 
ference of the pulmonary orifice after it had been cut.  The right 
upper and left sides of the flap  were fixed to the anterior wall of 
the pulmonary artery by a  continuous suture.  Between the  lower 
end  of the  flap  and  the  wall of the  heart there was  a  free space 
through which the incision of the orifice could be made.  For this 
purpose  special  scissors  were  constructed,  composed  of  one  long 
sharp blade and one short blunt blade.  The arterial wall was per- 
forated with the long blade of the scissors just at the level of the 
pulmonary orifice.  The long blade was pushed into the lumen of 
the pulmonary artery, and the wall was cut by introducing the short 
blade deep under the flap.  There was an immediate escape of dark 
blood,  the scissors were quickly removed and at the same time the 
index finger of the assistant compressed the flap against the opening 
made with the scissors, thus arresting the hemorrhage.  Then the 
lower side  of  the  flap  was  rapidly united  to  the  cardiac  wall  by 
means of a  continuous suture.  This  stage  of the  operation  was 
generally made  without  interrupting  the  circulation  through  the 
heart.  The operation was  facilitated by interrupting it  for one or 
two  minutes;  but  as  the  clamping of  the  pedicle  of  the  heart  is 
always  somewhat dangerous,  this  procedure was  not  often  used. 
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sponge was applied on the flap and on the lines of suture.  If there 
was still some leakage after a  few minutes, complementary stitches 
were added.  The pericardium was never closed before the line of 
suture  was  absolutely secure  against  the  escape  of  blood.  After 
suture of the pericardium, the thoracic cavity was closed by the liga- 
tion of two ribs and by three or four planes of suture.  Afterwards 
the dog was dressed and cared for by the customary methods. 
EXPERIMENTAL. 
PATCHING  OF  THE  PULMONARY  ARTERY. 
The  experiments  were performed on  eight medium sized  dogs. 
The technique for the first four operations was in its developmental 
stage and differed slightly  from that used  for the last  four opera- 
tions. 
Experiment  L--Black  female  dog,  medium  size.  Oct.  23,  1913.  Etheriza- 
ti0n  by  the  Meltzer-Auer method.  Transverse  thoracotomy.  Ligature  of  both 
mammary  arteries  and  section  of  the  sternum.  Opening  of  both  pleural  cavi- 
ties.  Incision  of  the  pericardium.  On  the  anterior  part  of  the  pulmonary 
artery and of the cardiac wall was placed a fragment of aorta taken twenty-four 
hours  previously from a  fresh  cadaver of a  human  fetus  and  preserved  in  cold 
storage.  The upper  and  the lateral sides  of the  patch  were fixed to  the pulmo- 
nary  wall by  a  continuous  suture.  Then  the pedicle of  the  heart  was  clamped. 
A  small knife  was  introduced  under  the  patch  and  the  wall  of  the  pulmonary 
artery was cut.  The incision was too short  and too high.  Next, the lower side 
of the patch  was  sutured  to the cardiac  wall, and  the  clamp was removed after 
the  circulation  had  been  interrupted  for  two  minutes.  Massage  of  the  heart. 
After a  few minutes  the contractions were normal.  Closure of the pericardium 
and  of  the  thoracic  cavity.  No  shock.  After  the  operation  the  animal  re- 
mained in normal condition.  May  5,  1914.  Animal in  excellent health. 
Experiment  2.--White  dog,  medium  size.  Oct.  26,  1913.  Etherization  by 
the  Meltzer-Auer method.  Opening of  the thoracic cavity by the same  method 
as  that  used  in  experiment  I.  The  patch  was  made  of  a  fragment  of  dog's 
aorta  preserved  for  twenty-four  hours  in  cold  storage.  The  clamping  of  the 
pedicle of the heart and the suture of the flap were performed as in the previous 
operation.  The  section  of  the  wall  of  the  pulmonary  artery  was  made  with 
fine  scissors  at  the  level  of  the  insertion  of  the  sigmoid  valves.  After  the 
clamp  was  removed  fibrillary  contractions  appeared  and  the  animal  died.  An 
examination of the  specimen showed that the wall of the pulmonary artery was 
cut  as  far  as  the  insertion of the  anterior  valve.  The  opening  was  completely 
protected  by  the  patch,  but  a  small  branch  of  the  coronary  artery  had  been 
taken  up  by a  stitch.  This  was possibly the cause of the fibrillary contractio.ns. 
The  incision  should  have  been  made  further  to  the  left  side  of  the  artery,  in 
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Experiment  3.--Black  and  white  bulldog,  medium  size.  Oct.  3I,  I913. 
Etherization by the  Meltzer-Auer  method.  Transverse  thoracotomy  on  the  left 
side  without  section  of  the  sternum  and  without  ligation  of  the  mammary 
arteries.  A  piece of dog's jugular vein preserved  for  twenty-four hours  in cold 
storage  was  placed  on  the  pulmonary  artery.  The  lateral  and  the  lower  sides 
were  fixed  to  the  arterial  and  cardiac  wall  by  a  continuous  suture.  Then  the 
wall  was  cut  with  scissors  as  far  as  the  insertion  of  the  sigmoid  valves. 
Hemorrhage  was  prevented  by  compressing  the  flap  to  the  opening  with  the 
index  finger.  Next,  the upper  side  of  the  flap  was  sutured  to  the arterial  wall; 
No  massage  of  the  heart.  Normal  pulsations.  Closing  of  the  pericardium  and 
of the thoracic cavity.  Two  hours afterwards the animal was in excellent condi- 
tion.  May  5,  I914.  Dog  normal. 
Experiment  4.--Female  bulldog,  medium  size.  Nov.  3,  I913.  The  same 
technique was  used  as  in  experiment  3.  The  patch  was  taken  from  a  piece  of 
vena  cava  preserved  in  cold  storage  since  Oct.  27.  It  was  sutured  without 
the  heart  being  clamped.  No  shock.  The  animal  remained  in  good  condition 
after  the  operation.  Nov.  6.  Animal  ill.  Nov.  8.  Animal  died. 
Autopsy.--Purulent pericarditis.  The  space between the  flap and the arterial 
wall  was  filled  by  a  clot.  The  incision  had  healed.  No  fibrin  or  thrombus  in 
the lumen of  the vessel.  As the incision was  too  short there was no increase in 
the circumference of the orifice. 
Experiment 5.--Black  and  white  male  fox-terrier.  Nov.  4,  I913 •  Etheri- 
zation  by  the  Meltzer-Auer  method.  Opening  of  the  thoracic  cavity  and  the 
pericardium  with  the  same  technique  as  that  used  in  experiment  4.  The 
patch  was  made  from  a  piece  of  vena  cava  preserved  in  cold  storage  since 
Oct.  27.  It  was  fixed  on  three  sides  and  the  anterior  wall  was  opened  with 
a  cataract knife without any interruption of  the circulation  of  the  heart.  Then 
the fourth side was sutured and the operation completed by the ordinary method. 
After  the  operation  the  dog  remained  in  excellent  condition.  On  Nov.  I9 
the animal had  completely  recovered.  Strong  diastolic murmur  could  be heard. 
May  I,  I914  .  Animal  in  excellent  condition.  The  murmur  had  almost  com- 
pletely disappeared. 
Experiment &--White  female  bulldog.  Nov.  H,  I913.  The  technique  used 
was  identical  with  that of  experiment  5.  On  Nov.  I9  no  murmur  was  audible. 
The  animal  remained  in  excellent  condition,  and  is  completely  normal  on  May 
5,  I914. 
Experiment  7.--White  male  bulldog.  Nov.  26,  I913.  Etherlzation  by  the 
Meltzer-Auer  method.  The  technique  was  identical  with  that  used  in  the  last 
two  experiments.  The  section  of  the  wall  was  made  with  special  scissors 
composed of a  long sharp blade and a  short blunt one.  The animal remained in 
excellent condition after the operation and is  still normal on  May 5,  I914. 
Experiment 8.--White  female  bulldog.  Dec.  2,  I913.  Etherization  by  the 
Meltzer-Auer  method.  Technique  identical  with  that  used  in  the  last  three 
operations.  The  patch  was  made  from  a  piece  of  jugula.r  vein  preserved  in 
cold  storage  since  Nov.  28.  The  animal  remained  in  excellent  condition  and  is 
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RESULTS. 
The  results  of  these  operations  must  be  considered  from  two 
standpoints: the danger to the life of the animal, and the modifica- 
tions of the pulmonary orifice. 
When the technique previously described was carefully followed, 
the operation  was  of little  danger to  the  life of the  animal.  Al- 
though these operations were in the developmental stage, neverthe- 
less only two animals died of the eight that were experimented upon. 
One of these died on the operating table from fibrillary contractions, 
probably due to the fact that a branch of the coronary artery had been 
taken up by one of the stitches.  A  second dog died of pericarditis 
a  few days after the operation.  It is probable that neither of these 
complications will  occur again,  since a  better way of handling the 
heart has been found.  In the six other instances the animals sus- 
tained no shock after the operation,  remained in  good health,  and 
were still normal more than six months after the operation.  The 
operation  will  be much  less  dangerous  in  the  future,  because  the 
details of the technique have now been completely established. 
The changes produced in the anatomy of the pulmonary orifice 
were examined on two specimens.  In experiment 2 the dog died of 
fibrillary contractions on the operating table.  The specimen showed 
that  the incision had  been too short  and  was  located on  the  right 
side of the artery.  The operation as it was performed was insuffi- 
cient as well as dangerous.  It was insufficient because the circum- 
ference of the orifice was not increased; and it was dangerous be- 
cause the flap  was  fixed to  the cardiac wall  at  a  site where there 
were many branches of the coronary arteries.  In experiment 3 the 
animal  died  of pericarditis.  The  flap  had  taken,  but  the  incision 
was  too  short.  The  examination of  the  flap  and  of  the  incision 
demonstrated that no thrombosis had taken place, and that the patch 
of vein in contact on one side with dark blood and on the other with 
the pericardium, although in an unfavorable condition of nutrition, 
did  not  undergo necrosis.  In  the  clinical examination  of the  six 
other animals it was found that only one presented a diastolic mur- 
mur a  few weeks after the operation; that is,  in one instance only 
was pulmonary insufficiency obtained.  The lack of insufficiency in 
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monary artery was located too high and was too short,  or that the 
flap was fixed too tightly to the arterial wall and did not allow of 
the dilatation of the orifice after it was incised.  These details had 
to be learned in the course of the experiments, and it will be an easy 
matter to make an incision and patching which will permit a  real 
dilatation of the orifice to take place.  The incision must be about 
two centimeters in length, half being on the pulmonary artery and 
half  on the ventricle, and  it must cross the orifice at the point  of 
junction of the left and the anterior sigmoid valves.  The incision 
of the orifice and the suture of the  fourth side of the flap will be 
made after the pedicle of the heart is clamped. 
The six surviving animals are still  in good health more than six 
months after the operation.  In experiment 5 the diastolic murmur 
almost completely disappeared. 
CONCLUSION. 
These experiments show that it is possible to perform an opera- 
tion,  the  object  of  which is  to  increase the  circumference of  the 
pulmonary  orifice without  involving  much  danger  to  the  life  of 
the animal.  It is probable that operations of this type may come to 
be employed in  the treatment of stenosis  of the pulmonary artery 
in man. 